Synthesis and characterization of polyacrylamide/sodium carboxymethyl cellulose/montmorillonite nanocomposite hydrogel vaginal ring for drug delivery systems by Sharifzadeh, Ghorbanali
iSYNTHESIS AND CHARACTERIZATION OF POLYACRYLAMIDE/SODIUM 
CARBOXYMETHYL CELLULOSE/MONTMORILLONITE NANOCOMPOSITE 
HYDROGEL VAGINAL RING FOR DRUG DELIVERY SYSTEMS
GHORBANALI SHARIFZADEH
A dissertation submitted in partial fulfillment of the 
requirements for the award of the degree of 
Master of Science (Polymer Technology)
Faculty of Chemical Engineering 
Universiti Teknologi Malaysia
AUGUST 2013
iii
To my beloved family
iv
ACKNOWLEDGEMENT
Praises to Allah for giving me the strength, perseverance and intention to 
go through and complete my study.  
I would like to express my sincere gratitude to my respected supervisor 
Assoc. Prof. Dr. Shahrir Hashim for his help, support, and guidance. I owe him a 
lot for what he taught me during these years.
Last but not least, I am grateful to my loving family for their loves and 
supports.
1ABSTRACT
           This  research  developed  a  hydrogel  vaginal  ring  consisting  of 
polyacrylamide (AAm), sodium carboxymethylcellulose (NaCMC) for vaginal drug 
delivery. To improve the swelling behaviour of vaginal ring, different concentrations 
of NaCMC were utilized. The results indicated that 0.1 g NaCMC had the highest 
amount of swelling. However, by increasing the swelling characteristic of vaginal 
ring, a low strength hydrogel was obtained. Therefore, N,N'-methylenebisacrylamide 
(MBA) was applied to the hydrogel in order to study the effect of cross-linker on 
prepared  polymer  efficiency and  swelling  properties.  By adding  of  MBA within 
vaginal ring network, sufficient stability as well as proper swelling properties was 
obtained. It was found that vaginal ring composed of 0.1 g NaCMC and 0.02 g MBA 
showed  the  optimum  swelling  and  suitable  structure  stability.  In  addition, 
montmorillonite  (MMT)  was  added  to  the  blank  hydrogel  (AAm/NaCMC)  to 
investigate its effect on drug delivery in the simulated vaginal environment (pH= 4- 
4.5). Both blank and nanocomposite vaginal rings were loaded with methylene blue 
(MB)  as  a  modelled  drug.  The  vaginal  rings  were  characterized  by  Fourier 
Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscope (SEM), X-
ray Diffraction (XRD) and  Nuclear Magnetic Resonance (NMR).  In vitro release 
behavior of MB illustrated that incorporation of MMT into vaginal ring controlled 
the drug delivery. It was found that by changing the concentration of MMT from 
0.007 g to 0.01 gr, the drug release was prolonged for 15 days by reducing the initial 
drug release. According to the results, AAm/NaCMC/MMT nanocomposite hydrogel 
vaginal rings can be considered as good candidates for the vaginal drug delivery.
2ABSTRAK
            Kajian ini  membangunkan cincin hidrogel faraj yang  terdiri  daripada 
polyacrylamide (AAM),  carboxymethylcellulose natrium  (NaCMC)  untuk 
penghantaran dadah ke  faraj.  Untuk memperbaiki tingkah laku “swelling” cincin 
faraj, kepekatan berbeza NaCMC telah digunakan. Keputusan menunjukkan bahawa 
0.1  g NaCMC mempunyai jumlah “swelling”  tertinggi.  Walau bagaimanapun, 
dengan  meningkatkan ciri-ciri “swelling” cincin  faraj,  hidrogel dengan  kekuatan 
yang rendah telah diperolehi. Oleh itu, MBA telah digunakan ke atas hidrogel untuk 
mengkaji kesan “cross-linker” ke  atas  kecekapan polimer tersedia  dan sifat-sifat 
“swelling”. Dengan penambahan MBA di dalam rangkaian cincin faraj, kestabilan 
yang mencukupi serta sifat-sifat  “swelling” yang  betul telah  diperolehi.  Didapati 
bahawa cincin faraj terdiri daripada 0.1 g NaCMC dan 0.02 g MBA menunjukkan 
“swelling”  yang   optimum dan  struktur  kestabilan yang sesuai.  Di  samping  itu, 
montmorilonit (MMT) telah  ditambah kepada hidrogel kosong (AAM /NaCMC) 
untuk mengenalpasti kesan penghantaran ubat dalam simulasi persekitaran faraj (pH 
= 4 - 4.5).  Kedua-dua hidrogel kosong dan cincin hidrogel faraj berKomposit nano 
telah ditambah dengan metilena biru (MB) dimodelkan sebagai dadah. Cincin faraj 
telah  dicirikan  oleh Spektroskopi  inframerah  transformasi  Fourier (FTIR), 
Mikroskop  Elektron  Imbasan  (SEM),  pembelauan sinar-X (XRD) dan Getaran 
Magnetik  Nuklear  (NMR).  Sifat  pelepasan  MB  secara  “in  vitro” mununjukkan 
bahawa  penambahan MMT ke cincin  faraj dapat  mengawal  penghantaran dadah. 
Didapati bahawa dengan mengubah kepekatan MMT,  pelepasan dadah telah 
berpanjangan selama  15  hari dengan pengurangan  pembebasan dadah awal. 
Berdasarkan keputusan,  AAM / NaCMC / MMT cincin faraj hidrogel berkomposit 
nano boleh dianggap sebagai pilihan yang baik untuk penghantaran ubat faraj.
